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Abstract
In this study we evaluated the practical performance of 70 general practitioners in cardiopulmonary resuscitation (CPR) before 
and after instruction and compared checklist-based scores to mechanical recording scores in order to investigate which scoring 
method is preferable.
Both checklist and recording strip-based scores showed significant improvement after instruction, but only 37% were judged 
proficient according to the American Heart Association standards (checklist scoring), and 47% according to the recording 
print-based scoring system, while raters judged 97% as satisfactory by general impression. Interrater reliability was highest for the 
recording print (0.97) and lower for the checklist (0.79), especially for CPR performance (0.56). Comparison of checklist and 
recording print showed that the checklist was specific but not very sensitive in identifying poor performance for cardiac 
compression rate, since observers overestimated performance. The correlation for CPR performance between checklist score and 
recording strip score was low (0,45), indicating that candidates were ranked differently, The correlation between diagnosis and 
performance score was low for checklist as well as recording print (0.22), indicating that the score on diagnosis was a poor 
predictor for the score on performance of CPR.
These results support the use of the recording manikin as compared with the use of a checklist for formative evaluation of basic 
life support skills. However, as proficiency in diagnosis and performance in CPR are poorly correlated, assessment of diagnosis 
using a checklist must be included. Therefore we strongly recommend the combination of assessment by observers using a 
checklist for diagnostic procedures and the recording strip of the manikin for performance of CPR, as employed in most 
evaluation schemes. © 1997 Elsevier Science Ireland Ltd. All rights reserved
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1. Introduction
Acute myocardial infarction is a frequent cause of 
death in the developed world, with approximately two- 
thirds of the deaths occurring outside hospital [1 ], 
Research evidence suggests that rapid initiation as well
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as correct technique of cardiopulmonary resuscitation 
(CPR) are essential links in the ‘chain of survival’ [2,3]. 
Since the majority of sudden deaths occur in the com­
munity, many lives could possibly be saved if adequate 
CPR skills were present throughout the community. 
General practitioners are confronted each year with 
5-10 patients suffering from acute myocardial infarc­
tion [4,5]. The reported risk of cardiac arrest before 
reaching hospital varies from approximately 5% [6] up
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to 25% [7]. In a recent survey in the Netherlands, 
general practitioners reported a mean performance of 
2.0 CPR attempts per year [8]. Various studies have 
shown considerable deterioration in CPR skills among 
physicians, who had successfully completed prior 
courses in CPR [9-12], indicating that proficiency in 
these skills is not maintained.
For evaluation of competence in basic life support 
(BLS), checklists covering criteria of adequate perfor­
mance are used [13] as well as recording strips of 
manikins [14], In most research a combination of these 
methods is used [12,15-17], with checklist-based scor­
ing for diagnostic procedures and the recording strip of 
the manikin for compression and ventilation proce­
dures, The use of recording manikins permits assess­
ment of outcome criteria (e.g. breathing volume and 
thorax compression depth) and some aspects of pro­
cess, while checklists tend to concentrate on process 
criteria (e.g. how the ventilation procedure is per­
formed, and position of shoulders and hands of the 
resuscitator during thorax compression), which are con­
sidered to be relevant for outcome. Moreover checklists 
can be used for scoring of the diagnostic assessment of 
the victim, which cannot be assessed by the recording 
manikin.
Only limited research has addressed comparison of 
checklist and recording strip as evaluation methods for 
CPR. Two authors reported comparisons between 
checklist-based scores and mechanical recording-based 
scores [17,18], and concluded that checklist-based 
scores overestimated competence.
In this study we evaluated the practical performance 
of general practitioners in cardiopulmonary resuscita­
tion before and after instruction and compared check­
list-based scores to mechanical recording scores to 
investigate which scoring method is preferable.
2. Materials and methods
Seventy-one general practitioners participated in a 
continuing medical education course with basic CPR as 
one of the topics. An account of this course has been 
published elsewhere [19]. The training time for CPR 
was 1 h and training was given in small groups (8 - 1 2  
participants) by two experienced CPR trainers. Partici­
pants were randomly divided into two groups, one was 
evaluated before instruction and one was evaluated 
after instruction,
A checklist [20] was used for evaluation based on the 
guidelines of the Dutch Heart Association [21], com­
parable to the guidelines of the American Heart Associ­
ation (AHA) [22,23] and the European Resuscitation 
Council (ERC) [24], except for the sequence used to 
initiate CPR. This checklist contained 16 items and 
included criteria for diagnostic assessment of unrespon­
siveness, circulation and airway in the correct sequence 
and speed (six items) and correct sequence and perfor­
mance of CPR procedures (10 items) (see Table 1 ). 
Criteria for cardiac compression included correct place­
ment of hands and position during cardiac compres­
sion, compression rate (80-100 per min) and ratio for 
compression and ventilation (15:2). Criteria for ventila­
tion included correct head tilt-chin lift manoeuvre, pre­
vention of air escape during ventilation and observing 
for chest rise and fall. Scoring of the checklist criteria 
allowed for marking adequate or inadequate perfor­
mance. After scoring the separate criteria, raters were 
also requested to provide a general impression of CPR 
proficiency on a 10-point rating scale.
The performance of CPR procedures was also as­
sessed by the structured use of the recording strip of a 
resuscitation manikin (Laerdal Recording ResusciAnne 
type 20,00.10) as described by Berden et al. [14]. This 
scoring system includes criteria for placement of the 
hands, compression rate and depth, compression/relax­
ation ratio, and breathing volume and interval (see 
Table 2),
After receiving standardized instruction, participants 
were rated while performing single-rescuer CPR during 
2 min on a ResusciAnne recording manikin. Then 
feedback on performance was provided by the rater, 
based on the checklist rating and the recording printout 
strip. One third of the encounters was double-rated to 
determine interrater reliability of the checklist-based 
score and the general impression rating. Raters were 
general practitioners recruited from the staff of two 
university departments of general practice and had no 
specific experience as CPR trainers (the two CPR train­
ers were not included as raters). Two weeks before the 
course the raters received 1 h of instruction to practice 
scoring and discuss interrater differences, the aim being 
to achieve consensus. The recording strips were scored 
after the course by the first and second author, and half 
of the strips were double-rated to determine interrater 
reliability.
2.1. Data management and .statistical analysis
Complete scores on checklist and recording strip 
were available for 70 participants, as from one candi­
date no recording strip was available due to malfunc­
tioning of the manikin. A general impression rating was 
available for 64 participants, and was missing for six 
participants. Raw scores on the checklist (maximum 
score 16 points), general impression rating (maximum 
10 points) and recording strip (maximum 95 penalty 
points) were converted into a percentage score, after 
penalty scores on the recording strip were reversed to 
bonus scores. The Mann-Whitney two-tailed test was 
used to compare mean scores before and after training. 
Pass-not yet passed decisions were based on the per for-
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Table 1
Checklist for CPR (according to the guidelines of the Dutch Heart Association) [20,21]
Not or incorrectly performed Correctly performed
Diagnostic procedures
1. Assessment of unresponsiveness □ □
-Calls loudly on the victim □ □
-Gives strong pain sLimulus □ □
2. Assessment of circulation
-Checks unilaterally for carotid pulse for more than 4 s □ □
3. Assessment of airway
-Checks if airway is free and assesses breathing □ □
4. Diagnostic procedures are performed in correct sequence □ □
5. Concludes diagnosis within 30 s □ □
Performance of CPR
6. Starts with chest compressions a □
7. Proper compression position
-Correct position of shoulders □ LJ
-Proper hand placement □ n
8. Adequate compression technique
-Maintains chest compression rate of 80- 100 per min □ □
-Performs cycles of 15 compressions and two ventilations □ □
9. Adequate ventilation technique
-Performs correct head lilt chin lift manoeuvre □ n
-M outh fuliy covers mouth o f  patient u n
-Prevents air escaping from nose of patient □ □
-Watches for chest movements during insufflation n □
10. Chest rises and falls during ventilation □ a
General impression (1-10): -
mance of CPR using the standard of the AHA [22] for 
the checklist (i.e. no errors allowed) and the standard 
set by Bcrden [14] for the recording strip, allowing a 
maximum of 15 penalty points. For the general impres­
sion rating a score of 6 or more was considered a pass 
score. The methods were compared with regard to 
reliability using intraclass correlation coefficients [25]. 
Accuracy of observer assessment based on checklist 
criteria also covered by the recording strip was mea­
sured calculating sensitivity and specificity indexes [26], 
with the recording strip serving as gold standard. Con­
sistency in ranking between the different methods was 
measured with Spearman’s rank correlation coefficient.
3. Results
3.1. Scores
In Table 3 the mean scores (S.D.) are givm for the 
checklist, rating scale and recording print for the group 
before (n — 32) and after (/? = 38) instruction. Mean 
scores were lowest for diagnosis and showed no signifi­
cant improvement after instruction. Scores on perfor­
mance were higher for the checklist compared with the 
recording strip, and showed improvement on both scor­
ing methods. However, this difference was not statisti­
cally significant for checklist-based ventilation. Finally,
total checklist-based score and rating scale showed 
difference in score before and after instruction. Apply­
ing the standard of the AHA to the checklist resulted in 
5/32 (15%) participants with adequate CPR perfor­
mance before instruction and 14/38 (37%) after instruc­
tion. For the scoring system based on the recording 
print the figures rose from 6/32 (18%) before to 18/38 
(47%) after instruction. Based on the general impres­
sion rating, pass scores were 17/28 (61%) before and 
35/36 (97%) after instruction.
3.2. Interrater reliabilit)?
The interrater reliability values for the overall scores 
on the different assessment methods and checklist sub- 
scores are shown in Table 4. The reliability of the score 
based on the recording strip was highest, while the 
general impression rating showed the lowest reliability. 
For the checklist, interrater reliability for the total score 
and diagnosis was much higher than for performance.
3.3. Observer accuracy
It was possible to evaluate accuracy of observers on 
two criteria, compression rate and ventilation volume, 
which were covered both by the checklist and recording 
strip. The recording strip scores were dichotomized 
according to checklist criteria: for compression rate,
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Table 2
Recording strip and scoring system for CPR [14]
Parameter Value Penalty points
Placement of hands Right 0
Wrong 5
Compression rate (per min) 80-100 0
100-120 5
120-140 or 60-80 10
> 140 or 40-60 15
<40 20
Compression depth (mm) 38-52 0
30-38 or 52-60 5
22-30 or >60 10
<22 20
Compression/relaxation ratio 0.6- 1.4 0
<0.6 or > 1.4 10
Breathing volume (1) 0.8- 1.2 0
1.2-1.5 5
0.4-0.8 or 1.5-2.0 10
>2.0 15
<0.4 20
Breathing interval (s) <4 0
4-6 5
6-8 10
8" 10 15
>10 20
cutoff points were 80 and 100 compressions per min, 
while for the ventilation volume the cutoff point was 
0,8 1, considered equivalent to the minimum volume 
necessary to make the chest rise [23]. As shown in 
Table 5, observers judged a higher number of partici­
pants as performing adequately for compression rate 
and ventilation volume, compared with the recording 
results. The sensitivity and specificity indexes reveal 
that observers were specific but not very sensitive in 
identifying poor performance on the two criteria.
the different scores are shown in Table 6. The correla­
tion between checklist score and general impression 
was moderate (0.67). The correlation for CPR perfor­
mance between the checklist score and recording strip 
score was low (0.45), indicating that the two methods 
apparently ranked participants quite differently. Also 
the correlation between the diagnosis score and per­
formance score was low (0 .22) for the checklist as 
well as for the recording strip.
3.4. Consistency in ranking 4. Discussion
The Spearman rank correlation coefficients between General practitioners showed considerable deficien-
Table 3
Checklist and recording print scores for CPR; results before and after training“
Checklist (mean (S.D.)) Recording print (mean (S.D.))
Before After Before After
Diagnosis 52.6 (27.5) 61.0 (21.7)
Performance 75.0 (15.5) 87.1 (I1.4)c 68.1 (11.6) 78.0 (10.6)c
Cardiac compression 64.4 (22.0) 86.3 (18.7)° 73.3 (13.5) 82.8 (13.8)b
Ventilation 83.1 (19.7) 90.0 (11.2) 60.9 (21.7) 72.4 (18.6)b
Total score 65.8 (12,2) 78.0 (12.3)c
General impression (rating scale) 60.0 (11.8) 75.4 (10.8)c
“Scores are presented as percentage of maximum scores. 
bMann-Whitney P<0.05 for difference before-after. 
cMann-Whitney P< 0.001 for difference before-after.
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Table 4
Interruler reliability for general impression, checklist and recording 
strip CPR
Interrater reliability
General impression 0.70
Total score checklist 0.79
Subscore diagnosis (item 1-5) 0.77
Subscore performance (item 7-10) 0.56
Recording strip 0.97
cies in basic CPR skills. This confirms results of earlier 
studies among different health professionals [9-12]. A 
1 -h refresher course improved scores but was not 
enough for all participants to acquire an adequate level 
of performance according to the scoring system based 
on the recording strip or criteria of the AHA. However, 
the general impression of the raters was much more 
favourable. As raters were general practitioners, they 
could have been reluctant to judge their peers as per­
forming unsatisfactorily. On the other hand, pass-not 
yet passed decisions based on the standard format of 
the AHA or the recording strip may be unnecessarily 
stringent concerning CPR performance procedures. For 
early activation of the emergency medical service and 
rapid initiation of BLS, the effect on outcome is well 
demonstrated [2,3,27-29], while evidence for the effect 
on survival of variability in performance of cardiac 
compression or ventilation is not substantial. Lund [2] 
demonstrated a negative effect on survival of gross 
omissions in CPR technique (e.g. performing ventila­
tion without cardiac compression). In other investiga­
tions, no relation was found between level of CPR skills 
and patient outcome [30]. The high standards, as used 
in this study, perhaps have more significance as an 
educational goal of excellence and are not necessarily 
critical for survival. The formative value of CPR assess­
ment, which allows providing of immediate detailed 
feedback to trainees, should therefore be emphasized 
rather than its summative value, in order to avoid 
possible discouraging effects on motivation to perform 
CPR [31].
The comparison of a checklist-based and a recording 
strip-based scoring system revealed considerable differ­
ences between these methods. The interrater reliability 
for the checklist was comparable to those reported in 
the literature for technical clinical skills [32,33], but was 
lower compared with the recording strip, as recording 
strip scoring allowed less observer error. Nevertheless, 
interrater reliability for the diagnostic procedures was 
very acceptable, indicating that observers agreed 
strongly about scoring in this part of the checklist. This 
provides support for the use of a checklist for scoring 
of the diagnostic procedures.
The interrater reliability was considerably lower for 
the performance of CPR (cardiac compression and 
ventilation), indicating that perhaps observation criteria 
for behaviour during cardiac compression and ventila­
tion were less clear or procedures themselves were more 
difficult to observe. Moreover, accuracy of checklist 
scoring for compression rate, using the recording strip 
as gold standard, was low. Although raters were spe­
cific in identifying poor performance, they were not 
very sensitive, as they tended to overestimate correct 
performance. Others have reported similar results 
[17,18], For ventilation volume, the difference between 
checklist scoring and recording strip may be a conse­
quence of criteria used, because apparently volumes 
lower than 0.8 1 will also make the chest of the record­
ing manikin rise [35], Recently, stronger emphasis on 
observation of chest rise as critérium for adequate 
ventilation has been recommended [36], so recording 
strip criteria used in this study were perhaps less valid 
compared to checklist criteria. Finally, the correlation 
between checklist score and recording strip score was 
rather low, indicating that candidates were ranked dif­
ferently according to their scores in the two methods, as 
has been reported earlier [17], These results support the 
superiority of the recording manikin print as compared 
with the checklist to evaluate performance of cardiac 
compression, while the study does not allow conclu­
sions concerning preferable method for ventilation vol­
ume.
The correlation between rating scale and checklist 
was moderate, and higher than that between rating
Table 5
Accuracy of checklist marking for compression rate and ventilation volume1
Compression rate (80-100/min) Ventilation volume (>0.8 1)
Yes No Yes No
Recording strip1 32 38 52 18
Checklist1 42 28 62 8
Agreement1 26 22 51 7
Sensitivity 0.81 0.58 0.98 0.39
Specificity 0.58 0.81 0.39 0.98
ilRecording strip as gold standard.
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Table 6
Correlations1 between different methods
Methods General impression Checklist
Total score Diagnosis (item 1-5) Performance (item 7-10)
Recording strip total score 0.45 0.45 0.22 0.46
Checklist performance score 0.67 0.71 0.22
Checklist diagnosis score 0.25 0.79
Checklist total scorc 0.61
“Spearman’s rank correlation coefficient.
scale and recording strip. This may have been caused 
by a lialo effect’ on the checklist (i.e. the raters’ general 
impression of performance influenced the scoring of the 
separate criteria) [34], The rather low correlation be­
tween the checklist and recording strip score for perfor­
mance of CPR indicates that ‘process’-oriented and 
‘outcome’-oriented assessment ranked resuscitators dif­
ferently. Therefore, if feasible, a recording strip should 
be used to evaluate performance of CPR. Within the 
checklist, correlation between diagnosis and perfor­
mance score was low, as well as correlation between 
diagnosis and recording strip, indicating that the score 
on diagnosis is a poor predictor for the score in perfor­
mance of CPR and vice versa. This has important 
implications for assessment of proficiency in CPR, be­
cause proficiency in diagnostic procedures should not 
apparently be taken for granted in individuals who 
demonstrate proficiency in performance of CPR.
Therefore, we strongly recommend the combination 
of assessment by raters using a checklist for diagnostic 
procedures and the recording strip of the manikin for 
performance of CPR, as employed in most evaluation 
schemes.
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